SOPTIM to extract the rest of the circuit elements. Fig. 2 shows the optimization result obtained by using MESFETDC. The agreement between the measured and simulated DC characteristics is good. S-parameters in the fre uency range of 2-24.5 GHz are used as input for%OPTIM. The rest of the model parameters are obtained by giving the best fitting between measured a n d calculated Sparameters. The optimization results are shown in Fig. 3 . To estimate the accuracy of the optimization, RMS difference between the measured and calculated S-parameters is given i n Table 1 . Combining the results obtained with MESFETDC and SOF'TIM, large signal model of the HEMT has been developed and parameters of the model are given in Table 2 .
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Verification of large signal model
To verify the accuracy of the mode, a hybrid pulse inverter has been built with the chip form HEMT (NE20200) on a thick film circuit as shown in Fig.  4 . The test set-up is shown in Fig. 5 . Test signals are generated by an Anritsu 5 GbitJs pulse generator and output pulses are displayed on a H P 54120A sampling oscilloscope with rise time of 20 ps. Test results are shown in Fig. 6 (a) and (b), respectively. Rise and fall times of the inverter are 20 ps and 29 ps a t 5 Gbitls, respectively, after deconvolving the rise time of the oscilloscope. The voltage swing is about 0.8 V. Some ringings are observed due to inductances of bonding wires and parasitic capacitances in the circuit. To demonstrate the accuracy of the model, measured and simulated waveforms are shown in Fig. 7 (a) and (b), respectively. It can be seen that the agreement between the measured and simulated results is very good. This indicates that the model developed is accurate enough for the design of hybrid digital integrated circuits.
Conclusion
In this paper, an accurate large si nal model of HEMTs has been developed. The mofiel parameters have been extracted by using commercial programs and data provided by the manufacturer. A high speed pulse inverter has been built based on the large signal model. The accuracy of the model has been verified by obtaining a very good agreement Abstract A large signal model of discrete HEMTs has been developed. It is simple and suitable to SPICE simulation of hybrid digital ICs. The model parameters are extracted by using computer programs and data provided by the manufacturer. Based on the model, a hybrid pulse inverter with rise and fall times of 20 ps and 29 ps a t 5 GbitJs, respectively, has been built. The accuracy of the model has been verified by obtaining good agreement between the measured and simulated waveform of the inverter.
Introduction
High electron mobility transistors (HEMTs) are attractive candidates for high speed signal rocessing applications. I n order to design I e s , a n accurate large signal model of HEMTs is essential for circuit design and performance prediction. In this paper, we present a large signal model of HEMT. The extraction of model parameters is made by using commercial programs and data provided by the manufacturer. The model can be implemented easily into the popular program SPICE for circuit simulations. Based on the model, a hybrid pulse inverter has been built and tested. The comparison between t h e measured a n d simulated waveforms of the inverter are presented.
Extraction of large signal model
The equivalent circuit of the HEMTs is shown in Fig. 1 . Due to the similarity between MESFET and HEMTs, Curtice's model [5], which h a s been applied to characterize MESFETs and implemented into SPICE, is used to approximate performances of the HEMTs. Two nonlinear elements in the model are gate-source capacitance C,, and channel current Ids. The other circuit elements are assumed to be linear. To retrieve model parameters, computer programs MESFETDC and SOPTIM have been used [61-[71. The MESFETDC can be used to extract the parameters of channel current Ids and between the measured and simulated waveforms of the inverter. When implemented into SPICE, the model can find wide applications for designing high speed digital circuits with HEMTs. To the best acknowledge of the author, such an accurate and simple large signal model has not been reported before. [6] A.K. J a s t r z e b s k i : "MESFETDC user manual," October, 1987.
[7] A.K. Jastrzebski: "SOPTIM user manual," January, 1987. 
